By comparing cumulative linear mass profiles of 12 Gould Belt molecular clouds within 500 pc, we study how the linear mass distributions of molecular clouds vary with the angles between the molecular cloud long axes and the directions of the local magnetic fields (cloud-field direction offsets). We find that molecular clouds with the long axes perpendicular to the magnetic field directions show more even distributions of the linear mass. The result supports that magnetic field orientations can affect the fragmentation of molecular clouds .
INTRODUCTION
The advance in both instrumentation and numerical simulation techniques in the past decade have unfolded the importance of magnetic fields in regulating clouds formation, evolution, and star-forming processes in molecular clouds (Crutcher 2012; Li et al. 2014; Li 2017) . Li et al. (2013) (hereafter paper-I) studied 13 Gould Belt molecular clouds and revealed that molecular cloud long axes tend to be either perpendicular (hereafter perpendicular alignment) or parallel (hereafter parallel alignment) to the mean directions of local magnetic fields. The bimodal distribution may affect the cloud fragmentation and star formation rate, as supported by both recent simulation and observational studies (Seifried & Walch 2015; Li et al. 2017, hereafter L17) . For example, inspection of the overall cloud morphologies of Ophiuchus and Pipe (Figure 1 ), two neighboring clouds with significantly different star formation rates, suggests distinct spatial mass distributions. Ophiuchus with parallel alignment has mass clustered toward one end of the cloud ("head-heavy" morphology), while Pipe with perpendicular cloud alignment shows relatively balanced mass distribution along the major cloud axis. The goal of this sequel is to systematically study whether all the perpendicular clouds result in a more even mass distribution compared to the parallel ones. As the first step, we design the test in the simplest possible way: comparing the total mass in the two halves of an elongated cloud.
For the goal to compare the two halves, we first need to define the volume of a cloud, which is introduced in the E-mail: lawchiyan@hotmail.com † E-mail: hbli@phy.cuhk.edu.hk next section. Section 3 presents the statistical analysis of the results and discusses on the main findings. Section 4 is a summary.
METHOD
This work aims to study mass corresponding to star-forming activities. Simulations of isothermal turbulence with selfgravity show that the column density probability density function (N-PDF) will develop a power-law tail due to regions undergoing gravitational contractions (Federrath & Klessen 2013; Girichidis et al. 2014; Ward et al. 2014) . Such a regime is above a transition column density, at which the N-PDF starts to deviate from log-normal to power-law-like. This feature is indeed observed for molecular clouds with active star formation (Kainulainen et al. 2009; Froebrich & Rowles 2010; Stutz & Kainulainen 2015) . Paper-I also showed that the transition density of the N-PDFs from Kainulainen et al. (2009) is very close to the magnetic critical column density, which is the column density required to overcome magnetic pressure for gravitational contraction. Thus, we consider column densities above the transition density of the N-PDFs of molecular clouds. We identify the transition density by probing the changes in the slope of the N-PDF. Details on identifying the transition density are presented in Appendix A.
To investigate the evenness of the mass distribution in the molecular clouds, we spatially divide a cloud into two halves and study the mass ratio between the two halves. This inevitably requires a well-defined cloud range to define a middle point. Since only the total mass in each half matters, we can simplify a map into a linear mass profile along the long axis of an elongated cloud.
We adopt the cloud long axis orientations and maps from L17. Recent studies suggest that the Perseus cloud is composed of two superimposed clouds with very different distances. (Goodman et al. 1990; Schlafly et al. 2014 ). Thus, we discard the Perseus cloud from the analysis. Table  1 summaries the general information of the clouds. Here we summarise the procedures of defining a cloud volume and its two halves. CrA serves as an example to illustrate the methods.
(i) Each cloud extinction map is rotated clockwise by the directional angle of the long axis defined in L17, such that the x-axis of the map aligns with the long axis of the cloud. The procedure is performed by MATLAB (ver. 2016a) builtin "imrotate" function (Figure 2 panel a) .
(ii) To determine the cloud width, we construct the linear mass along the short axis of the extinction map by summing up pixels in the long axis direction at each y-position with extinction above the threshold defined by the N-PDF of the cloud. Panel b shows the linear mass along the short axis of CrA. In general, the linear mass profile can be approximated by a Gaussian. The half-width of the cloud is defined by 3-sigma of the Gaussian fit. As an example, the width of CrA is indicated by the horizontal solid lines. ( Some clouds show multiple peaks that locate beyond the width. Any peak has value at least half of the first structure is identified as a separated structure, and the width is defined again in the same manner as described above. All structures identified in the same extinction map are assumed to have the same long axis orientation as the overall cloud structure indicated in Table 1 .
(iii) To determine the cloud length, we construct the linear mass along the long axis: the linear mass at an xposition is calculated by summing over the pixels along the y-direction within the width defined in (ii) and with densities above the transition extinction. The cumulative linear mass (CLM) profile is cumulated from the left end of the map. Figure 2 (panel c) presents the CLM profile of CrA.
The pixel mass is computed based on the equation below from Heiderman et al. (2010) :
where µ = 1.37 is the mean atomic mass, m H is the mass of hydrogen, A pixel = D(cm) 2 × R(rad) 2 is the area of one pixel, D is the distance of the cloud in centimeters, R is the pixel size in radian, and N H /A V = 1.37 × 10 21 cm −2 mag −1 is the conversion factor between visual extinctions and column density. The error of mass of a pixel is based on the uncertainty in the extinction of the corresponding pixel from Dobashi (2011) . ( . Any peak beyond the ends with value at least half of the first structure is identified as a separated structure and the length is defined again based on the aforementioned criteria.
(v) The resultant map will be used to study the evenness of mass distribution. The middle point of the cloud is halfway between the two ends of the CLM. We quantify the evenness of mass distributions by the mass ratio between the two halves of the linear mass. 
RESULTS AND DISCUSSION
For a molecular cloud with even mass distributions, the cloud CLM should reach 50% (dotted line in Figure 2 panel c) at the half-length (dot-dashed line in Figure 2 panel c) of the filament. The more uneven is the mass distribution, the further the CLM should deviate from the point of the intersection between the dot-dashed and the dotted lines. Table 2 summarizes the mass ratio for the 15 regions. Figure  17 presents the mass ratio versus cloud-field direction offset. We also test whether the results above depend on how the CLM edges are defined by defining the ends of all the CLMs using a lower threshold, which is 1-sigma above the mean of all The trend is independence from the latitude of the cloud or the choices of the threshold. In the following, we present the permutation test and Spearman rank correlation (SRC) test to investigate the significance of "bimodality" and positive correlation between mass ratio and cloud-field direction offsets. For the permutation test, the molecular clouds are divided into two groups, with the sample sizes equal to the numbers of clouds with parallel (N = 7) and perpendicular The mass ratios depend on the cloud threshold. Two thresholds , "3-sigma" and "1-sigma", are used as described in section 2. The results from 1-sigma are shown in the parentheses.
Statistical analysis
(N ⊥ = 8) alignment. The corresponding population means of the mass ratio are µ and µ ⊥ respectively. We adopt a null hypothesis H 0 : µ ⊥ = µ , and the alternative hypothesis H 1 : µ < µ ⊥ . To test the hypotheses, we reassign the clouds into two groups (G 1 ,G 2 ) with the sample size of 7 and 8 respectively, and compute the difference in the means of the two groups(D = µ G 1 − µ G 2 ). This step is repeated for all possible re-groupings, which will obtain 15 C 7 ("15 choose 7") values of D's. We use the built in MATLAB "combnk" function to enumerate all combinations. Each combination is compared with the difference between the observed means (D obs = µ − µ ⊥ ). The percentage of occurrences of D ≤ D obs provide an estimate of the p-value. The null hypothesis is rejected if the p-value is smaller or equal to 0.05. Based on the permutation test, the corresponding p-values is 0.0006, and 0.0017 for the case with the lower threshold. The results support a bimodal distribution of mass ratio. We study the significance of a positive correlation by Spearman rank correlation (SRC) test. MATLAB "mult − comp− perm−corr" function is used to perform the SRC test. The SRC coefficient reflects how well two variables correlate based on their ranks instead of the actual numerical values (Walpole & Myers 1993) . Such a nonparametric test has no assumptions on the underlying distributions and is insensitive to outliers. For this work, the SRC is between the rank of the mass ratio (rank ratio ), and the rank of cloud-field direction offset (rank angle ). The SRC ranges between ±1. The more positive/negative it is, the more positively/negatively correlated the ranks are. SRC ∼ 0 means there is no correlation.
For the SRC test, we adopt a null hypothesis H 0 : SRC(rank ratio , rank angle ) = 0, and the alternative hypothesis H 1 : SRC(rank ratio , rank angle ) > 0. The rank ratio is randomly permuted to generate rank ratio,perm . We perform random permutation for 10 6 times. The p-value is thus estimated by the Plum frequency of (SRC(rank ratio,rand , rank angle ) > SRC obs ). The corresponding SRC obs (p-value) is 0.63(0.006), and 0.54(0.019) for the case with a lower threshold. Both results suggest the observed trends in Figure 17 is also consistent with a positive correlation.
SUMMARY AND OUTLOOKS
We present an analysis of the near-infrared dust extinction maps of twelve Gould Belt molecular clouds. Inspired by the findings in paper-I and L17, we study whether the cloudfield direction offset has any effect on the cloud linear mass distribution. The perpendicular clouds show more even mass distribution. This is consistent with the conclusion from L17 that magnetic fields perpendicular to clouds can hinder the cloud fragmentation more efficiently and thus lead to a lower star formation efficiency.
The technique utilised in this work to identify the transition threshold from the molecular cloud N-PDFs may provide a simple yet relatively robust approach compared to the conventional methods that involve log-normal fitting, for which the choices on the fitting range usually are not well constrained. In addition to the different ways to analyze the 2MASS data, depending on the selected fitting algorithm, the resulting transition density of N-PDF can vary in the order of a few A V magnitudes (paper-I Figure 7 ). Our next step is to further split the regions studied here by investigating individual sub-regions above the N-PDF transition threshold and adopting the corresponding magnetic field directions from the PLANCK polarimetry data. This way we can test whether the trend observed here remains at smaller scales. Cloud-field direction offsets [deg] Figure 17 . Mass ratio vs. cloud-field direction offset. The ratio is between the masses from the two halves of a cloud, whose long-axis direction is measured in Paper-I, and we define a cloud by a lower threshold of the slope of the cumulative linear mass along this direction ( Fig. 2-16 ; panel f). Two lower thresholds are adopted to demonstrate that the correlation showing here is not sensitive to the threshold. The thresholds are respectively 1-sigma (shown as "∧") and 3-sigma (shown as "v") above the mean slope in the background (see section 2 for more details). The one-and three-sigma results from one cloud are connected by a dotted line, if the respective "∧" and "v" symbols are not overlapped. Most clouds with offsets smaller/larger than 45 degree possess mass ratios below/above 0.5. The mass ratios are not sensitive to the choices of the threshold, except Lupus-III and Cha-II-III. The color of the symbol represents the lower bound latitude of the cloud. The mass ratios are independent of the latitude of the cloud.
APPENDIX A: TRANSITION EXTINCTION BASED ON N-PDF OF MOLECULAR CLOUD
In this section, we describe the method that we use to locate the transition density of N-PDFs. We identify the transition density by the slope of the binned N-PDFs. At extinction value below the peak, the slope is relatively constant. The slope of the N-PDF decreases near the peak extinction, then further decreases to negative as the extinction increases. However, when there are regions with gravitation contraction, the N-PDF deviates from the log-normal distribution to power-law at the transition extinction (also see e.g. Alves et al. 2017 , for other alternative explanations), where the slope of the N-PDF will show a flattening or increase in slope from negative toward zero (the solid red line). In light of the change in the slope, we plot the slope distribution of the N-PDF. The transition density is chosen as the centre of the first extinction bin at which the slope starts to increase from negative towards zero. We set the bin width of the N-PDF to 0.2 mag, which is the average noise level of the extinction map according to Dobashi (2011) , and thus the lowest sensible value of the bin width. The transition column density is defined by the bin at which the slope is at the first minimum. Figures A1 and A2 show the N-PDFs, and the corresponding slope distributions of all Gould Belt molecular clouds analysed in this work. Table A1 summaries the transition density of all the molecular clouds in this work. The map regions are the same as in L17. The corresponding transition extinction value is defined as the extinction at which the slope first deviates from the increasing trend as described above. The transition densities span a rather tight range from 0.5 to 0.8.
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